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Technical field of the Invention 

This invention relates to a spectrometer module, a 
monitor module, a monitoring unit and a monitoring system 
for use in monitoring an optical network. 

The invention further relates to a spectrometer de- 
vice, for spectrometry purposes. 

Background art 

The use of optical signals for purposes as carrier 
of information and the like is currently increasing rap- 
idly- Consequently, there is a current need for develop- 
ing new methods and products for dealing with this kind 
of information. 

One field of technology is fibre optical communica- 
tion systems, that are used for transferring large amount 
of information over large distances. Such system comprise 
a plurality of different network elements, being inter- 
connected to form a communication network. However, as 
these networks are becoming larger and larger, and in- 
cluding more and more sophisticated network components, 
the risk for network faults is increasing rapidly. Conse- 
quently, there is a need for surveillance systems, keep- 
ing track of the optical signals being transmitted in the 
network, and reporting when an error has occurred. 

Furthermore, the communication speed in the optical 
networks, such as WDM networks are constantly increasing, 
resulting in the need of less capacity demanding communi- 
cation protocols. Thereby, existing protocols such as 
SDH/ SONET , having built-in monitoring functions need to 
be replaced or at least supplemented. This has lead to 
the development of systems monitoring data in the optical 
domain . 
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One such surveillance or monitoring system is de- 
scribed in the patent document US 6 104 492, in which an 
apparatus and a method of operating an optical signal 
monitor for WDM networks is disclosed. Here, a tempera- 
ture tuned filter is used for generating an optical spec- 
trum monitor for multi-wave signals. The tuneable filter 
is used for selecting the wavelength that is to be de- 
tected and monitored. 

However, this technique is rather expensive and also 
relatively slow as it is based on temperature effects. 
Other known means of measuring the power spectrum is by 
use of a diffraction grating, which spatially distributes 
the wavelengths to one or many detectors. The drawbacks 
of such technology, however, are that expensive detector 
arrays is required, that the diffraction efficiency might 
be rather poor, large demands for careful mechanical 
alignment and as a result less mechanical robustness. 

The proposed means of monitoring the signal quality 
in WDM systems are usually limited to monitoring of the 
signal power as a function of wavelength, try use of some 
spectrometer technology, such as e.g. fibre Bragg grat- 
ings, such as for example described in the patent docu- 
ment WO 0102885. This spectrometer technology, however, 
suffers from the same drawbacks as the ones listed above . 
An alternative monitoring method is further described in 
"Quality monitoring of optical signals influenced by 
chromatic dispersion in a transmission fibre using aver- 
aged Q-factor evaluation" by I. Shake, H. Takahara, K, 
Uchiyama, and Y. Yamabayashi, IEEE Photonics Technology 
Letters, vol 13, pp385-387 (2001) . This method, which 
uses an asynchronous sampling system, is however rather 
complex and expensive. Yet another proposed method for 
signal monitoring is described in the document "Optical 
Performance Monitoring in Reconf igurable WDM Optical Net- 
works Using Subcarrier Multiplexing" by G . Rossi, T, E. 
Dimmick, and D- J. Blumenthal , Journal of Lightwave Tech- 
nology, vol 18, pp. 1639-1648 (2000) . Also this approach, 




Erpf ansszei t 2 3 - 0 k t - 11:49 



23-10-2001 



Printed:29-1 1-2001 t +46 31630263 



AW Spec 



®' 01 125128 



3 

which is based on a sub-carrier modulation of the signal, 
is complex and expensive. 



Summary of the invention 
5 Consequently, an object of this invention is to 

achieve a spectrometer module, a monitor module, a moni- 
toring unit and a monitoring system for use in monitoring 
an optical network, overcoming the above-mentioned draw- 
backs with the prior art. 

10 A further object is to achieve a way of measuring 

properties of an optical signal, such as power, state of 
polarisation and degree of polarisation versus wavelength 
in an efficient way. 

Yet a further object is to achieve a spectrometry 

15 device, overcoming the drawbacks with the prior art. 

Further* objects of this invention are evident from 
the following description of the invention. 

The above and other objects are wholly or partly 
achieved by a spectrometer module comprising: 

20 -an input, for receiving an incoming optical signal, 

-a variable differential group delay (DGD) element, for 
applying a variable birefringence retardation to said in- 
coming optical signal, 

-a detector unit for detecting the power of a defined 
25 state of polarisation of a signal exiting said variable 
DGD element. 

By using a variable DGD element in a spectrometer 
module, it is possible to perform measurements on an in- 
coming optical light signal, for detecting parameters 

3 0 such as polarization state and degree of polarisation as 
a function of the wavelength of the incoming signal . 

In accordance with a first embodiment of the inven- 
tion, said variable DGD element is implemented spatially. 
Preferably, said variable DGD element comprises a plural- 

3 5 ity of laterally spaced sub-elements having different op- 
tical lengths, whereby different parts of the incoming 
optical signal is arranged to be transmitted through dif - 
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ferent gub-elements of the DGD element. Suitably, said 
incoming optical signal is arranged to have essentially 
the same width as said variable DGD element, thereby cov- 
ering each of said laterally spaced sub elements . 
5 Thereby, the DGD element is optimally used. Moreover, 

said variable DGD element suitably comprises a plane in- 
cidence surface, being essentially orthogonal to the op- 
tical signal path, and a stepped exit surface. 

Alternatively, said variable DGD element may com- 

10 prise a. birefringent element having a decreasing thick- 
ness in a direction being transverse to said incoming op- 
tical signal. Thereby different parts of the optical sig- 
nal beam experiences different optical paths, Preferably, 
said detector unit comprises an array of detectors, and a 

15 lens that is placed between said variable DGD element and 
said detector unit, whereby said detector array is ar- 
ranged in the Fourier focal plane of said lens . Further- 
more, said incoming optical signal is suitably arranged 
to be slightly divergent. 

2 0 According to a second embodiment of the invention, 

said variable DGD element is implemented temporally, by 
use of an electrical control signal that changes the DGD 
with time. Preferably, said variable DGD element is com- 
prised by a birefringent system, being essentially sand- 

2 5 wiched between a first and a second reflective element, 

whereby said incoming optical signal is arranged to be 
reflected between said reflective elements one or more 
times before outputted from said birefringent system. 
Suitably, said first and second reflective elements are 

3 0 constituted by a first and second mirror element, respec- 

tively. Alternatively, said first and second reflective 
elements are constituted by a first and a second retrore- 
f lector, respectively. By using the above reflections 
systems, the same birefringent element may by utilized 
3 5 many times. 

in accordance with preferred embodiments, a polar- 
izer is arranged between said variable DGD element and 



4 



E r; p f a n § s z e . t 2 3 • C k t • ] ; : 4 3 



23-10-2001 



Printed:29-1 1-2001 t + 46 31630263 



aw- SPEC 



® ( 01 125128 



5 

said detector unit, said polarizer not being aligned 
relative to the birefringence eigenaxes of said DGD ele- 
ment. Moreover, said incoming optical signal preferably 
has a polarisation so as to inject light in both bire- 
5 f ringence eigenaxes of said variable DGD element . 

Preferably, said variable DGD element is manufac- 
tured from an electro-optical birefringent material, Fur- 
thermore, said variable DGD element is suitably arranged 
between a first and a second electrode, said electrodes 

10 being arranged to generate an electric field over said 

variable DGD element. Thereby, a variable DGD element is 
achieved, being easy to control by means of an electronic 
control unit or the like. Alternatively, said variable 
DGD element may be connectable with an acusto-optic 

15 transducer, for achieving the above controllability. 

Furthermore, said detector unit is preferably con- 
nectable with an electronic processing device, in which a 
detected signal may be processed to extract information 
regarding properties such as power, state of polarisation 

20 and degree of polarisation of said incoming optical sig- 
nal as a function of wavelength. 

The above and other objects of the invention are 
also achieved wholly or in part by a spectrometer device 
for measuring the optical spectrum of an optical signal, 

25 characterised in that said spectrometer device comprises 
a first and a second spectrometer module as described in 
above, and a polarisation splitter, whereby said polari- 
sation splitter is arranged to split said optical signal 
into a first and a second signal segments, whereby said 

3 0 first signal segment is arranged to be inputted to said 

first spectrometer module, and said second signal segment 
is arranged to be inputted to said second spectrometer 
module. Thereby, the inventive spectrometer module may be 
used for pure spectrometry, analysing partly or arbitrary 

35 polarised light. Such a device may for example be used in 
the fields of chemistry, process industry, astronomy or 
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pharmaceutical industry, or in any other field in which 
spectrometry ia applied. 

Further, the above and other objects are wholly or 
partly achieved by a monitor module for measuring proper- 
ties such as power, state of polarisation and degree of 
polarisation of an incoming optical signal as a function 
of wavelength, said monitor module comprising: 
-a polarisation control module being connected with a 
control unit, 

-a spectrometer module, being connected with said control 
unit, and 

-a polariser being placed between said polarisation con- 
trol module and spectrometer module. 

Preferably, said spectrometer module is as described 
above. Such a monitor module may for example be used for 
monitoring the above parameters in an optical network, 
such as an WDM network. Suitably, said polarisation con- 
trol module comprises: 

- a first birefringent element, 

- a second birefringent element, 

each of said birefringent elements being connected with a 
power source for individual control of the birefringence 
of said first and second birefringent element, respec- 
tively. According with an embodiment, the birefringent 
eigenaxes of said second birefringent element is rotated 
by 45 degrees in relation to the birefringent eigenaxes 
of said first birefringent element. Alternatively, the 
birefringent eigenaxes of said first and second birefrin- 
gent elements are coinciding, and a quarter wave element, 
being rotated by 45 degrees in relation to the birefrin- 
gent eigenaxes of said birefringent elements, is arranged 
between said first and second birefringent elements. 

The above and other objects are also wholly or 
partly achieved by a unit for monitoring an optical sig- 
nal, being transmitted in an optical network , said unit 
comprising : 

-a coupler, being arranged to be inserted along a optical 
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transmission path of said optical network, said coupler 
having a main in- and output, reopectively, for receiving 
and transmitting said optical signal and at least one 
drop output, to which a portion of said optical signal is 
5 droppable, said drop output being connected with one of a 
spectrometer module as described above and a monitor mod- 
ule as described above . Such a monitoring unit may be in- 
stalled in an optical network, in a position which is de- 
sired to monitor. 

10 Finally, the above and other objects are also wholly 

or partly achieved by a monitoring system for an optical 
network, comprising a plurality of network elements, such 
as transmitters, receivers, transmission lines, amplifi- 
ers or the like, said monitoring system comprising: 

15 -two or more monitoring stations, each of said monitoring 
stations being positioned between two network elements of 
said optical network and each of said stations comprising 
one of a spectrometer module as described above, a moni- 
tor module above and a monitoring unit as described above 

2 0 and 

-a monitoring hub, being connected with each monitoring 
station, said hub being arranged to receive measured sig- 
nal data from each of said monitoring stations, and said 
monitoring hub comprising a processing unit for process- 
es ing said measured signal data. 

Alternatively, the objects are wholly or partly 
achieved by a monitoring system for an optical network, 
comprising a plurality of network elements, such as 
transmitters, receivers, transmission lines, amplifiers 
30 or the like, said monitoring system comprising: 

-two or more monitoring stations, each of said monitoring 
stations being positioned between two network elements of 
said optical network, each of said stations being ar- 
ranged to measure power, state of polarisation and degree 
35 of polarisation of an optical signal entering said moni- 
toring station via said network, 

-a monitoring hub, being connected with each monitoring 
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station, said hub being arranged to receive measured sig- 
nal data from each of said monitoring stations, and said 
monitoring hub comprising a processing unit for process- 
ing said measured signal data. 

Thereby, the invention may be used for gaining in- 
formation regarding the function of an entire network:, 
for example enabling quick location of faults. 

The above monitoring system as well as the above 
monitoring module may be uaed for monitoring signal data 
quality in a wavelength division multiplexed (WDM) fibre 
optical communication system. Further, the spectrometer 
module above may be used as a standalone spectrometer de- 
vice, as stated above. 

Finally, the above objects are wholly or partly 
achieved by a method of monitoring and measuring proper- 
ties such as power, state of polarisation and degree of 
polarisation of an incoming optical signal as a function 
of wavelength, the method comprising the steps of: 
-inputting said incoming optical signal to a variable DGD 
element, 

-applying a variable birefringence retardation to said 
incoming optical aignal by letting it pass said variable 
DGD element , and 

-detecting the power of the aignal exiting said variable 
DGD element, having a determined state of polarisation. 

Preferably, said variable DGD element is comprised 
in a spectrometer module as described above. Moreover, 
the method suitably comprises the step of dropping said 
incoming optical signal from a wavelength division multi- 
plexed (WDM) fibre optical communication system that is 
to be monitored. 

Brief description of the drawings 

Currently preferred embodiments of the present inven- 
tion will now be described in closer detail, with refer- 
ence to the accompanying drawings . 
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Fig 1 is a schematic drawing of a first embodiment of 
the inventive spectrometer module. 

Fig 2 is an alternative embodiment of the construc- 
tion as shown in fig 1, being independent upon the po- 
5 larisation of the incoming optical signal. 

Fig 3 is a schematic drawing of a second embodiment 
of the inventive spectrometer module. 

Fig 4 is yet another schematic drawing of a third em- 
bodiment of the inventive spectrometer module showing 
10 only a spectrometer section of said module. 

Fig 5 is a schematic drawing of a fourth embodiment 
of the inventive spectrometer module showing only a spec- 
trometer section of said module. 

Fig 6 is a schematic drawing of a fifth embodiment of 
15 the inventive spectrometer module showing only a spec- 
trometer section of said module. 

Fig 7 is a schematic drawing of a monitor module, 
comprising a spectrometer module as shown in any one of 
the drawings 1-6. 

2 0 Fig 8a and 8b is a schematic view showing two imple- 

mentations of a polarisation control module, for use in a 
monitor module as shown in fig 7 . 

Fig 9 shows ei monitoring unit for insertion in an op- 
tical communication system, said monitoring unit compris- 
25 ing a monitoring module as shown in fig 7. 

Fig 10 is a schematic drawing of an optical communi- 
cation network^ in which a plurality of monitoring units 
as shown in fig 9 is used for monitoring optical signal 
transmission in said network. 

30 

Detailed description of preferred embodiments of the In- 
vention 

A schematic drawing of a spectrometer module in ac- 
cordance with the invention is shown in fag 1. The spec- 

3 5 trometer module comprises a variable DGD (differential 

group delay) element 11 and a detector unit 13. This em- 
bodiment also comprises a polarizer 12, being arranged 
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between said variable DGD element 11 and said detector 
unit 13 and being non-aligned with, the birefringent axes 
of the DGD element . 

An incoming light signal 14, having a determined, 
well-defined state of polarisation may be inputted to 
said variable DGD element 11, having birefringent 
eigenaxea. In the embodiment shown, in fig 1, the variable 
DGD element is electrically variable, meaning that an 
electric field may be applied over- said DGD eement 11 , in 
order to change the birefrinence of said variable DGD 
element 11 • For this purpose, the variable DGD element is 
arranged between a first and second electrode (not shown) 
being connected with an electronic control unit. However, 
it shall be mentioned that other ways of achieving a 
variable DGD are possible. For example, an acoustic- 
optical transducer (not shown) may be connected with said 
variable DGD element 11 in order to change the 
birefringence of the dgd element 11 by applying an 
acoustic or mechanical wave through the DGD element 11. 

The incoming optical signal is arranged to have such 
a polarisation state that light is injected in both bire- 
fringence eigenaxes of said variable DGD element 11. 
Thereby, the optical signal will experince birefringence 
when propagating through said variable DGD element 11. 
Furthermore, the experienced birefringence may be varied 
by for example applying an electrical field over the 
variable DGD element 11. 

After the variable DGD element, the optical signal is 
arranged to pass said polarizer 12, whereafter the power 
of said optical signal is detected by means of said de- 
tector unit 13 . 

Consequently, the power spectrum of the incoming op- 
tical signal 14 may be deduced by putting the variable 
DGD element in a plurality of birefringence states, by 
for example applying different electrical fields to the 
DGD element, and measuring the corresponding detector 
power level for each birefringence state. The purpose of 
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the spectrometer module is to extract the wavelength 
spectrum of the incoming optical signal 14, i.e. to 
obtain the power level at the various optical 
wavelengths. To do this a variable birefringence 
5 retardation is applied to the signal. The polarization 

state of a signal after passing such an element will vary 
periodically with the optical frequency, with a period 
given by 1/dgd where DGD is the differential group delay 
of the element. If the DGD in the birefringent element is 

10 electrically tunable, a tunable optical transfer function 
is achieved. After passing the polarizer, the wavelength 
components of the optical signal will attenuate 
differently, depending on what DGD has been applied. 
Consequently, the signal reaching the detector unit will 

15 be dependant upon the wavelength contents of the signal 
as well as upon the applied DGD. Thus, by measuring the 
detected power after a polarizer for many different 
values of the DGD, we will be able to compute the power 
spectrum of the signal * This is the physical background 

20 for the spectrometer module described in this document. 

Furthermore, by outputting the power information from 
said detector unit 13 to an electronic processing unit 
16, other parameters, such as power spectrum, state of 
polarisation and degree of polarisation of the incoming 

2 5 optical signal may be computed. 

A second embodiment of the invention is shown in fig 
3. In this case, an incoming, polarized, slightly diverg- 
ing optical signal beam 114 is arranged to hit a bire- 
fringent element 111, which has continuously decreasing 

3 0 thickness (and thereby differential group delay) in one 

transverse direction (denoted x in the figure) related to 
the signal path. The polarization state after such a bi- 
refringent element 111 will continuously change spatially 
in the x-direction, with a rotation rate determined by 
35 the wavelength of the signal. Using a lens 112 this spa- 
tial polarization rotation will be transformed to a point 
in a Fourier (focal) plane 117 of the lens 112, where the 
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signal hits a detector array 113. Each detector of this 
array 113 will then measure the power of a certain wave- 
length of the signal. In this embodiment an electrically 
controlled DGD as in the above described first embodiment 
5 is not necessary, but one uses a detector array to sepa- 
rate the wavelengths spatially. 

A detail of a third embodiment of the invention is 
shown in fig 4, showing only the DGD element. This fig 
shows an embodiment in which variable DGD is implemented 

10 spatially, Here, an incoming optical signal beam 214 is 
sufficiently wide so that it fills the entire width of a 
birefringent crystal 211, constituting a variable DGD 
element. Further the incoming optical signal is polarized 
at an angle of 4 5 degrees in relation to the polarization 

15 axis of the DGD element 211. This element is electro- 

optically birefringent, with a birefringence that is ad- 
justable by applying an electric field over one of its 
main axes. Furthermore, the DGD element 211 is laterally 
divided into sub-elements of different length so that the 

20 beam feels different differential group delays over its 

different parts. After the DGD element 211, the signal is 
arranged to hit a polarizer (not shown) as in fig 1, ori- 
ented at 45 degrees with respect to the birefringent ei- 
genaxes of the DGD element (7.2) . Finally the optical 

2 5 signal beam is arranged to be detected by a detector as 

in fig 1. By monitoring how the detected power changes 
with applied voltage over the variable DGD element 211 
the power spectrum can be deduced, as described above. 
The exact realization of this measurement technique can 

3 0 be varied according to e.g. 

9 Arranging several detectors in the lateral direction/ 
each detecting the a signal segment from a particular 
sub- element . 

• Arranging several electrodes on the birefringent DGD 
35 element, so that the birefringence in the sub-elements 
can be individually controlled. 
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• Arranging a lateral polarization controller in front of 
the DGD elements 211 so that the polarization state in to 
each sub- element ceiri be controlled. 

A fourth embodiment of a DGD element for use in a 
5 spectrometer module according to the invention is shown 
in fig 5. Here, a voltage controls the differential group 
delay of a birefringent element directly. An efficient 
way of doing this is to use a multipass structure, in 
which the light passes the same birefringent system sev- 

10 eral times. In the implementation shown in fig 5, an in- 
coming optical light signal 314, having a well-defined 
state of polarization, is arranged to bounce back and 
forth between a first and a second mirror 312, 313 with a 
slightly tilted beam propagation direction, so that the 

15 beam 314 hits a birefringent system 311, being arranged 
between said mirrors 312,313, several times. The bire- 
fringent system 311 may contain an arbitrary set of bire- 
fringent and electrically controlled elements in any ori- 
entations, but it must contain a minimum of two birefrin- 

2 0 gent elements of which at least one should have a differ- 
ential group delay. Additionally, one birefringent ele- 
ment is electrically controlled by means of an electrical 
control unit. By electrically altering the birefringence 
of this electrically controlled element, the net bire- 

25 fringence of the multipass structure as a whole will be 
altered, and thereby an electrically controllable DGD 
element has been realized. The maximum amount of DGD that 
can be achieved in this manner will be the equal to the 
DGD of the biref ringent system 311 times the number of 

30 passes through this system 311. This kind of multipass 
structure may replace the DGD element 11 in a structure 
as shown in fig 1. 

A fifth embodiment of a DGD element for use in a 
spectrometer module according to the invention is shown 

35 in fig 6. This embodiment shows an implementation of a 

multi-pass structure, using retroref lectors . It is func- 
tionally similar with the embodiment shown in fig 5. In 
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this embodiment, a incoming optical light signal 414 is 
reflected between a first and a second retroref lector 
412,413 of slightly different size, also having a small 
dealignment 6 as shown in the fig 6. This enables a spi- 
5 raling light path as shown in fig 6. Between said ret- 
roref lectors , an birefringent system 411 is arranged. On 
each pass of said spiraling light path, the optical light 
signal hits the birefringent system 411, being electri- 
cally controlled by means of an electronic control unit 

10 415, and finally the light signal leaves the system 

through for example a flat polished corner 416 of said 
first retroref lector 412. The light may also be arranged 
to leave the retroref lector by means of a bore or the 
like (not shown) . After leaving the birefringent multi- 

15 pass system 411 the light beam 417 will have exhibited a 
variable DGD that can be controlled by one or several ap- 
plied voltages from said electronic control unit 415. The 
birefringent system 411 may comprise an arbitrary set of 
birefringent and electrically controlled elements in any 

2 0 orientations, but it must contain a minimum of one bire- 

fringent element that has a differential group delay and 
one birefringent element that is electrically controlled. 
By electrically altering the birefringence of this con- 
trollable birefringent element, the net birefringence of 
25 the multipass structure as a whole may be altered, and an 
electrically controllable DGD have been realized. The 
maximum amount of DGD that can be achieved in this manner 
will be the equal to the DGD of the birefringent system 
411 times the number of passes through this system. 

3 0 An alternative embodiment of the invention, of which 

an example is depicted in fig 2, will hereinafter be de- 
scribed. Here, a spectrometer module as shown in fig 1, 
is used to generate a spectrometer device, for use as a 
standalone system for spectrometry. For such an applica- 
35 tion it is vital, that the device is independent of the 
polarization of the incoming light. This may be achieved 
by using a polarization diversity scheme as shown in Fig- 
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ure 2. Here, an incoming optical light signal 514 is 
split into its two orthogonal polarization components by 
a polarization beam splitter 516 , and then entering bire- 
fringent DGD elements 511 and 517, respectively, in which 
5 the birefringence (and hence DGD) are electronically con- 
trolled as described with reference to fig 1. The exact 
realization of those elements 511, 517 is as described 
with reference to fig 1 . Then the light is transmitted 
through polarizers 512,518 respectively, which should be 

10 non-aligned with the • birefringence eigenaxes of the re- 
spective variable DGD element 511, 517. Finally the po- 
larized signal is detected in the photodetectors 513, 
519, respectively. The detected signals may thereafter by 
transmitted to an electronic processing unit 516 for fur- 

15 ther processing. As such, each branch of the spectrometer 
device correspond to a spectrometer module as shown in 
fig 1. This spectrometry device allows spectrum analysis 
of an unpolarised incoming light signal. It shall be 
noted that although the embodiment shown in fig 2 is 

2 0 based on the spectrometer module shown in fig 1, a corre- 

sponding spectrometry device may also be achieved by 
utilizing spectrometer modules of any of the embodiments 
described above and showed in the drawings. It may also 
be possible to combine two different embodiments in one 
25 spectrometry device, one embodiment for each branch, 511- 
513 and 517-519, respectively, A spectrometer device as 
described with reference to fig 5 is for example usable 
in the fields of process industry, chemistry, laboratory 
activity and pharmaceutical industry. 

3 0 A spectrometer module 1 as described above with ref- 

erence to fig 1, 3, 4, 5 or 6 may be comprised in a moni- 
tor module 2, as shown in fig 7. The purpose of the moni- 
tor module 2 is to provide a system that is able to meas- 
ure power, state of polarization and degree of polariza- 
35 tion of an incoming optical signal 4 as a function of 
wavelength, and in a preferred embodiment the general 
layout of a monitor module is shown in figure 7. The oyo - 
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tern basically comprises a spectrometer module 1, as de- 
scribed above arid a. polarization control module 5, as 
will be closer described above. Further, a polariser 3 is 
arranged between said polariser control module 5 and said 
5 spectrometer module 1. An incoming light signal 4 falls 
at the polarization control module 5, in which the po- 
larization state of the incoming light signal 4 may be 
controlled electronically, as will be described below. 
That section is followed by a polariser 3 , that only al- 
io lows transmission of one polarization state, and conse- 
quently the power of the light emanating from said po- 
lariser 3 will vary with the settings of the polarization 
control module. The power of the light emanating from 
said polariser 3 will thereafter be detected by the spec- 
15 trometer module 1, as described above. Since the above 

Bpectrometer modules 1 dre capable of separating differ- 
ent optical wavelengths, it is possible to detect the ef- 
fect of different wavelength components within the light 
signal 4. Thereby, it is possible to measure the effect 
20 as well as the state of polarization as a function of 
wavelength of the incoming signal . 

The polarization control section is driven by an 
electric signal from an electronic polarization control 
unit 7 which changes the polarization state of the incom- 
25 ing light 4 in a controlled manner. The spectrometer mod- 
ule 1 detects the light and determines the power level of 
the various wavelength components of the signal f and does 
so for a number of settings of the polarization control- 
ler module 5. This will produce the required data, that 
3 0 may be outputted to an electronic processing unit 6. Fur- 
ther the spectrometer module utilizes an electrical con- 
trol signal from an electronic control unit 15, as de- 
scribed above, to obtain the spectrum. The detection 
process in the spectrometer module 1 must then be syn~ 
35 chronized with the applied control signals from the elec- 
tronic polarization control unit 7 in order to extract 
the desired information from the detected signal 4 . An 
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alternative operation scheme drives the polarization con- 
trol module 5 and the spectrometer module 1 at different 
frequencies, and spectral analysis of the electrical sig- 
nal from the detector can then be used to extract the de- 
5 sired optical signal properties. 

Two embodiments of the polarization control module 5, 
as described above, will hereinafter be described, with 
re f erence to fig 8a and fig 8b. The incoming light 4 hits 
a first and a second electrically controlled polarization 

10 waveplate 5a r 5b in sequence, said waveplates 5a, 5b be- 
ing connected with said electronic polarization control 
unit 7, The waveplates 5a, 5b can be either oriented so 
that their birefringence axis does not line up, as shown 
in figure 8a, or have aligned birefringence axis but with 

15 a quarter-wave retarder 5c being arranged between said 
waveplate 5a, 5b with dealigned axes as shown in figure 
5b. Examples of physical implementation of the waveplates 
5a, 5b can be electro-optic crystals (in integrated, bulk 
optics, or liquid crystal fashion) , electromechanical fi- 

20 ber squeezers, electromagnetically controlled Faraday ro- 
tators, or other schemes as described e.g. in the paper 
"Polarization- State Control Schemes for Homodyne and Het- 
erodyne Optical Fiber Communications" by T. Okoshi, IEEE 
J. of Lightwave Technology, pp. 1232-1237, vol. LT-3, 

25 1985, which is hereby incorporated herein by reference. 
The waveplates 5a, 5b change the polarization state of 
the signal 4 in a controlled manner, and measurement of 
the power level after a polarizer will enable the state 
of polarization to be determined. The function of the po- 

30 larization control section 5 as shown in fig 8a will 
hereinafter described. The optical signal 4 to be de- 
tected falls into a birefringent waveplate 5a, changing 
the exit polarization state of the signal 4 as a function 
of an applied voltage VI . The birefringent axes of the 

35 waveplates, representing states of polarization that may 
pass the waveplate unaltered, are shown with arrows in 
fig 8a-b. Consequently the birefringent axes of the first 
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and second waveplatea 5a , 5b are arranged with an angle 
of 45 degrees in relation to each other, so that light 
entering the first waveplafce 5a along its birefringent 
axes may be controlled by the second waveplate 5b, having 
5 an variable applied voltage V 2 . In fig 8b, said quarter- 
wave plate 5c is arranged to provide, the same effect, al- 
though the axes of the waveplates coincide. It shall be 
noted that the above described polarization control mod- 
ule may be used with any spectrometer module, not only 

10 the ones being described above - 

A monitor module 2 as described above, and as shown 
in fig 7, may be incorporated in a monitoring unit 20. 
The monitoring unit 20, as shown in fig 9 is intended to 
be used in a optical communication network, as will be 

15 described below. The monitoring unit 2 0 comprises an op- 
tical four- way directional coupler 2 1 that is connect able 
with a first and a second transmission line 22 , 23 for an 
optical signal S. By means of said directional coupler 
21, a small portion, generally about 1%, may be dropped 

20 from the transmission line to a monitor module 2, being 
connected with one port of said directional coupler 21. 
This small portion constitutes the incoming light signal 
4, falling into the monitor module 2, as described above. 
Further, an additional small portion of reflected light 

25 from the transmission line 22,23 may be detected as well; 
by positioning a detector 24 in a backward port of the 
coupler 21, as shown in fig 9. Alternatively, for use 
with a bi-directional transmission line 22,23, transmit- 
ting light in both directions, a further monitor module 

3 0 may be positioned in said backward port, instead of said 
detector (embodiment not shown) . 

According with yet another aspect of the invention, a 
monitoring system for an optical network is shown in fig 
10. An optical network consists of a mesh-like structure 

35 of network elements 30 being any transmission or signal 

manipulation component within the network, such as trans- 
mitters, receivers, transmission lines or fibers, dispex~- 
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sion compensating fibers, amplifiers, repeaters, regen- 
erators, wavelength converters or optical cross-connects. 

Since the transmission of the optical signals through 
a network depend on a lot of the status of different net- 
5 work elements, it is valuable to known when network ele- 
ments fail, and how such failures affect the optical sig- 
nal. Thereby, the inventive monitoring system comprises a 
plurality of monitoring stations 31, being placed in 
various positions in said network. The monitoring sta- 

10 tions each comprises a monitoring unit as showed in fig 
9, but may also be constituted by any other construction 
utilizing a monitor module 2 as described above. Each of 
said monitoring stations 31 is further connected to a 
central monitoring hub 32, receiving measured signal data 

15 from a plurality of monitoring stations 31, being de- 
ployed within said network. An example of such a system 
including monitor stations is shown in Fig 10. Here, the 
monitor stations 31, each comprising a monitoring module 
2 are deployed between each network element 30- Each 

2 0 monitoring module 2 is able to measure basic parameters 

as function of wavelength as described above. For exam- 
ple, for a wave length -division multiplexed optical net- 
work, it is possible to measure wavelength-division mul- 
tiplexed data at the signal position, such as power, 
25 state of polarization and degree of polarization. The 

measured data from each monitoring module 2 is transmit- 
ted to a central monitoring hub 32 in which all monitored 
data of the transmission link is gathered- Said monitor- 
ing hub 3 2 further comprises a processing unit and an in- 

3 0 formation display unit (not shown) , 

Given the input from the monitor modules 2 via the 
monitoring stations 32, the monitoring hub 32 will be 
able to 

• Present the measured raw data, by means of said in- 
35 formation display unit. 

• Process the measured data by means of said process- 
ing unit, thus extracting information about: 



m n-19 v\\ + 46 31630263 

Printed:29-1 1-2001 



^yAPATFNT 

SPEC 



01125128 



20 

o signal power at each WDM (wave-length division 

multiplexed) channel . 
o optical signal to noise ratio at each channel, 
o degree of polarization of each channel . 
5 o the wavelength of each channel . 

• Draw conclusions about network functionality, i.e. 

o determine losses . 

o determine noise figures and decay in OSNR (op- 
tical signal to noice ratio) . 
10 o determine polarization mode dispersion (PMD) 

o determine distortions from PMD 

o determine mechanical motion of network elements 

• Together with & priori knowledge of the network ele- 
ments and input signal give information about 

15 nonlinearitiea, dispersive distortion and bit error 

rate probabilities. 

• Do all the above as a function of time and thus be 
able to give information about trends and degrada- 
tions that might cause outages of the network. 

2 0 The monitoring system is above described with refer- 

ence to a wavelength-division multiplexed optical commu- 
nication network. However, the monitoring system may be 
used with any communication system in which the above- 
mentioned measured parameters are of interest. 
25 Further it shall be noted that the spectrometer mod- 

ule as described above may be implemented in other ways 
than the ones described above, without departing from the 
scope and spirit of this invention as described by the 
appended claims. 

3 0 Moreover, it shall be explicitly noted that the spec- 

trometer module are not only useful with the monitoring 
module, unit and system as described above, but may also 
be used for generating a stand-alone spectrometer device 
as i s shown by way of example in fig 2, and as is de- 
3 5 scribed above . 

As a summary, this document describes a signal moni- 
toring system that uses a polarimeter in the spectrometry 
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of the optical signal, so that the polarization state and 
the degree of polarization (DOP) can be measured as a 
function of optical wavelength. This enables unique fea- 
tures of monitoring of the optical signal equality, in- 
5 eluding for example polarization drift as a result of me- 
chanical movements of the fiber. Furthermore, the DOP 
measurement enables an alternative way of estimating the . 
optical signal to noise ratio. 

The proposed spectrometer module consists of an ele- 

10 ment of variable birefringence or differential group de- 
lay, DGD, which can have other applications than measure- 
ments of an optical spectrum. Examples of such applica- 
tions are compensation for and/or emulation of polariza- 
tion-mode dispersion, in which a controlled, variable bi- 

15 refringence is of great interest. Previously, variable 
birefringence has only been possible by using discrete 
optics, such as two polarizing beam splitters and me- 
chanical delay line. Such implementations suffer from be- 
ing bulky, expensive and less mechanically robust . Thus 

20 the variable DGD here proposed may have applications also 
outside the main line of the invention. 
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CLAIMS 

1. A spectrometer module comprising! 

-an input, for receiving an incoming optical signal, 
5 -a variable differential group delay (DGD) element, 

for applying a variable birefringence retardation to 
said incoming optical signal, 

-a detector unit for detecting the power in a de- 
fined state of polarisation of a signal exiting said 
10 variable DGD element. 

2. A spectrometer module as in claim 1, wherein said 
variable DGD element is implemented spatially. 

15 3. A spectrometer module as in claim 1 or 2, wherein 

said variable DGD element comprises a plurality of 
laterally spaced sub elements having different opti- 
cal lengths . 

20 4. A spectrometer module as in claim 3, wherein said 

incoming optical signal is arranged to have essen- 
tially the same width as said variable DGD element, 
thereby covering each of said laterally spaced sub 
elements . 



25 



30 



35 



5. A spectrometer module as in claim 3 or 4, wherein 
said variable DGD element comprises a plane inci- 
dence surface, being essentially orthogonal to the 
optical signal path, and a stepped exit surface. 

6. A spectrometer module as in claim l or 2 , wherein 
said variable DGD element comprises a birefringent 
element having a decreasing thickness in a direction 
being transverse to said incoming optical signal. 

7. A spectrometer module as in claim 6, wherein said 
detector unit comprises an array of detectors, and a 
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lens is placed between said variable DGD element and 
said detector unit, whereby said detector array is 
arranged in the Fourier focal plane of said lens. 

5 8. A spectrometer module as in claim 6 or 7, wherein 

said incoming optical signal is arranged to be 
slightly divergent . 

9, A spectrometer module as in claim 1, wherein said 
10 variable DGD element- is implemented temporally. 

10. A spectrometer module as in claim 1 or 9, 
wherein aaid variable DGD element is comprised in a 
birefringent system, being essentially sandwiched 

15 between a first and a second reflective element, 

whereby said incoming optical signal is arranged to 
be reflected between said reflective elements one or 
more times before outputted from said birefringent 
system. 



20 



25 



30 



11. A spectrometer module as in claim 10, wherein 
said first and second reflective elements are con- 
stituted by a first and second mirror element, re- 
spectively . 

12. A spectrometer module as in claim 10, wherein 
said first and second reflective elements are con- 
stituted by a first and a second retroref lector , re- 
spectively . 



13 . A spectrometer module as in any one of the 

claims 1-5 or 9-12, wherein a polarizer is arranged 
between said variable DGD element and said detector 
unit, said polarizer not being aligned relative to 
35 the birefringence eigenaxea of said DGD element. 
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14. A spectrometer module as in any one of the 
above claims, wherein said incoming optical signal 
have a polarisation so as to inject light in both 
birefringence eigenaxes of said variable DGD ele- 

5 ment . 

15. A spectrometer module as in any one of the pre- 
ceding claims, wherein said variable DGD element is 
manufactured from an electro-optical birefringent 

10 material. 

16. A spectrometer module as in claim 15, wherein 
said variable DGD element is arranged between a 
first and a second electrode structure, said elec- 

15 trodes being arranged to generate an electric field 

over said variable DGD element . 

17. A spectrometer module as in any one of the 
claims 1-14, wherein said variable DGD element is 

2 0 connectable with an acusto-optic transducer. 

18. A spectrometer module as in any one of the pre- 
ceding claims, wherein said detector unit is con- 
nectable with an electronic processing device, in 

2 5 which a detected signal may be processed to extract 

information regarding properties such as power, 
state of polarisation and degree of polarisation of 
said incoming optical signal as a function of wave- 
length. 

30 

19- A spectrometer device for measuring the optical 

spectrum of an optical signal, characterised in that 
said spectrometer device comprises a first and a 
second spectrometer module as described in any one 
35 of the claims 1-18, and a polarisation splitter, 

whereby said polarisation splitter is arranged to 
split said optical signal into a first and a second 
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signal segments, whereby said first signal segment 
is arranged to be inputted to said first spectrome- 
ter module, and said second signal segment is ar- 
ranged to be inputted to said second spectrometer 
modul e . 

20. A monitor module for measuring properties such 
as power, state of polarisation and degree of po- 
larisation of an incoming optical signal as a func- 
tion of wavelength, said monitor module comprising: 
-a polarisation control module being connected with 
a control unit, 

-a spectrometer module, being connected with said 
control unit, and 

-a polariser being placed between said polarisation 
control module and spectrometer module. 

21. A monitor module as in claim 20, wherein aaid 
spectrometer module is as claimed in any one of the 
claims 1-18. 

22. A monitor module as in claim 20 or 21, wherein 
said polarisation control module comprises: 

- a first birefringent element, 

- a second birefringent element, 

each of said birefringent elements being connected 
with a power source for individual control of the 
birefringence of said first and second birefringent 
element , respectively . 

23- A monitor module as in claim 22, wherein the 

birefringence eigenaxes of said second birefringent 
element is not aligned in relation to the birefrin- 
gence eigenaxes of said first birefringent element, 

24. A monitor module as in claim 22, wherein the 

birefringent eigenaxes of eaid first and second bi- 
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refringent elements are coinciding, and a quarter 
wave element, being rotated by 45 degrees in rela- 
tion to the birefringent eigenaxes of said birefrin- 
gent elements, is arranged between said first and 
5 second birefringent elements. 



25- A. unit for monitoring an optical signal, being 

transmitted in an optical network , said unit com- 

10 prising: 

-a coupler , being arranged to be inserted along a 
optical transmission path of said optical network, 
said coupler having a main in- and output, respec- 
tively, for receiving and transmitting said optical 

15 signal and at least one drop output, to which a por- 

tion of said optical signal is droppabl^, said drop 
output being connected with one of a spectrometer 
module as described in any one of the claims 1-18 
and a monitor module as described in any one of the 

20 claims 20-24. 



26. A monitoring system for an optical network, 

comprising a plurality of network elements, such as 
transmitters, receivers, transmission lines, ampli- 
25 fiers or the like, said monitoring system compris- 

ing : 

-two or more monitoring stations, each of said moni- 
toring stations being positioned between two network 
elements of said optical network and each of said 
3 0 stations comprising one of a spectrometer module as 

in any one of the claims 1-18, a monitor module as 
in any one of the claims 2 0-24 and a monitoring unit 
as in claim 25 and 

-a monitoring hub, being connected with each moni- 
3 5 toring station, said hub being arranged to receive 

measured signal data from each of said monitoring 
stations, and said monitoring hub comprising a proc- 
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essing unit for processing said measured signal 
data . 
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27. A monitoring system for an optical network, 

5 comprising a plurality of network elements, such as 

transmitters, receivers, transmission lines, ampli- 
fiers or the like, said monitoring system compris- 
ing: 

- two or more monitoring stations, each of said moni- 
10 toring stations being positioned between two network 

elements of said optical network, each of said sta- 
tions being arranged to measure power, state of po- 
larisation and degree of polarisation of an optical 
signal entering said monitoring station via said 
15 network, 

-a monitoring hub, b«ing connected with each moni- 
toring station, said hub being arranged to receive 
measured signal data from each of said monitoring 
stations, and said monitoring hub comprising a proc- 
20 essing unit for processing said measured signal 

data . 

28, Use of a monitoring system as described in 
claim 2& or 27 for monitoring signal data quality in 

25 a wavelength division multiplexed (WDM) fiber opti- 

cal communication system, 



30 



29. Use of a monitoring module as described in any 

one of the claims 1-18 for monitoring signal data 
quality in a wavelength division multiplexed (WDM) 
fibre optical communication system. 



35 



3 0 . Use of a spectrometer module as in any one of 

the claims 1-18 in a standalone spectrometer device. 

31. A method of monitoring and measuring properties 

such ao power, state of polarisation and degree of 
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ABSTRACT 

The present invention relates to a spectrometer mod- 
vile comprising an input, for receiving an incoming opti- 
cal signal, a variable differential group delay (DGD) 
5 element, for applying a variable birefringence retarda- 
tion to said incoming optical signal, and a detector unit 
for detecting the power of a signal exiting said variable 
DGD element, having a defined state of polarisation. It 
also relates to a monitor module, a monitoring unit and a 
10 monitoring system, comprising such a spectrometer module 
for use in monitoring an optical network. 

Further, the invention relates to a spectrometer de- 
vice, for spectrometry purposes, comprising a spectrome- 
ter module as stated above. 

15 
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